This investigation examined the effects of maltreatment during the first year of life on the neural correlates of processing facial expressions of emotion at 30 months of age. Event-related potentials~ERPs! in response to children passively viewing standardized pictures of female models posing angry, happy, and neutral facial expressions were examined. Four ERP waveform components were derived: early negative~N150!, early positivẽ P260!, negative central~Nc!, and positive slow wave~PSW!. Differences in these waveforms between a group of 35 maltreated and 24 nonmaltreated children were reported. The groups did not differ on the early perceptual negative component~N150!, whereas the maltreated children had greater P260 amplitude at frontal leads compared to the nonmaltreated children in response to viewing angry facial expressions. For the Nc component, the nonmaltreated comparison children exhibited greater amplitude while viewing pictures of happy faces compared to angry and neutral faces, whereas the maltreated children showed greater Nc amplitude at central sites while viewing angry faces. For the PSW, the nonmaltreated group showed a greater area score in the right hemisphere in response to viewing angry facial expressions compared to the maltreated group. The results are discussed in terms of brain development and function, as well as their implications for the design and evaluation of preventive interventions.
The ability to recognize basic emotion expressions from facial affect displays is critical for the development of adaptive functioning~Izard & Harris, 1995; Izard, Youngstrom, Fine, Mostow, & Trentacosta, in press; Sroufe, 1996 !. The accurate identification of emotions from both facial and contextual cues is normatively mastered by the preschool years~Izard & Harris, 1995; Walden & Field, 1982 !. The incorrect processing and recognition of discrete affects can exert a deleterious impact on numerous areas of socioemotional functioning, including parent-child attachment relationships, emotion regulatory skills and selfregulation abilities, and peer relations~Cassidy, 1994; Cicchetti, Ackerman, & Izard, 1995; Cole, Martin, & Dennis, 2004; Dodge, Pettit, & Bates, 1990; Sroufe, 1996 !. Moreover, abnormalities in the recognition of facial expression have been discovered in a variety of childhood and adult mental disorders and high-risk conditions~American Psychiatric Association, 1994; Cicchetti & Schneider-Rosen, 1984; Hesse & Cicchetti, 1982; Izard et al., in press; Izard & Harris, 1995!. Developmentally, early limitations in the capacity for information processing require children to focus their attention on only the most salient aspects of the environment~Bjork-lund, 1997!. This ontogenetically normal aspect of selective attention suggests that irrespective of the individual state of the organism, emotional development is likely to be contingent on the nature of the impact or experiences made available to the child~Pollak, Cicchetti, Hornung, & Reed, 2000; Sroufe, 1996!. Nonetheless, it is extremely difficult to parse the relative contributions that experience and leaning versus internal predispositions make to the development of emotion recognitioñ Gauthier & Nelson, 2001; Nelson, 1987 !. Typically, children raised in low-risk environments are exposed to a rich and complex array of similar emotional experiences from birth Pollak et al., 2000 !. Consequently, the predominant emotional environment experienced by the vast majority of youngsters is likely to be so invariant that influences emanating from the environment may be masked~Pollak et al., 2000!.
The investigation of "experiments of nature," such as children who have resided in an institutional environment or children who have been maltreated, provides scientists with an important entree into unraveling the relative importance of innate and experiential contributions to the recognition and processing of emotion. When there is a clear perturbation in a component system within a group of highrisk individuals or individuals with a mental disorder, examination of how that atypicality relates to the organization of other component systems can reveal important information regarding the interdependence of components not apparent under normal conditions Cicchetti, 1990 Lenneberg, 1967; O'Connor, 2003; Sroufe, 1990; Weiss, 1961!. In this regard, two groups of investigators have utilized event-related potentials~ERPs! to compare the patterns of neural processing evoked by facial expressions in children raised in atypical emotional environments. ERPs are an index of central nervous system functioning thought to reflect the underlying processing of discrete stimuli~Hillyard & Picton, 1987!. ERPs are scalp-derived changes in brain electrical activity over time, obtained by averaging time-locked segments of the electroencephalogram~EEG! that are synchronized to the presentation of a stimulus~Donchin, Karis, Bashore, Coles, & Gratton, 1986!. The first group of investigators, Parker, Nelson, and their colleagues in The Bucharest Early Intervention Project Core Group~2005a, 2005b!, have conducted two ERP studies with Romanian youngsters who either were institutionalized or who had never experienced institutional care. In the first study, Parker et al. 2005b ! examined the ERPs of institutionalized Romanian infants between the ages of 7 and 32 months evoked by facial expressions of fearful, angry, happy, and sad to ascertain whether these youngsters' deficits in processing emotional and social cues in behavioral interactions had their origins in difficulties in the recognition of basic human facial expressions of emotion~see, e.g., O'Connor, Bredenkamp, O'Connor, Rutter, Beckett, Keaveney, & Kreppner, 2000; Rutter, Andersen-Wood, Beckett, Bredenkamp, Castle, Groothues, Kreppner, Keaveney, Lord, & O'Connor, 1999 ! theorized that early institutional rearing, through its disruption of normal social interactions, may deprive the amygdalar circuitry of vital experiences through which social and emotional stimuli are associated with internal states of pleasure and displeasure, thereby eventuating in deficits in the recognition of facial expressions of emotion. Parker et al.~2005b ! found that, compared to Romanian youngsters who had never resided in an institutional environment, children who were institutionalized manifested different patterns of responding in early latency components of the ERP. Specifically, at both midline and lateral electrode sites, the never institutionalized infants exhibited greater N170 amplitudes to the sad expression; in contrast, the institutionalized youngsters displayed greater N170 amplitudes to the fear expression. At the midline electrode site, never institutionalized and institutionalized children manifested greater P250 642 D. Cicchetti and W. J. Curtis amplitudes in response to the sad and fear expressions, respectively.
In addition, Parker et al.~2005b ! found that there were dramatic group differences in amplitude across all of the ERP components examined in their investigation: the two early precognitive response components, N170 and P250; the negative central component~Nc, thought to reflect allocation of attention; Courchesne, Ganz, & Norcia, 1981!;  and the positive slow wave component~PSW!, believed to reflect updating of memory for a partially encoded stimulus~de Haan & Nelson, 1997!. Relative to the institutionalized groups of children, the never institutionalized comparison groups of youngsters displayed greater amplitudes of the N170, Nc, and PSW ERP components across all emotion conditions; whereas, relative to the never institutionalized group of children, the institutionalized group exhibited a larger P250 amplitude.
In an investigation of the EEGs of the same sample of Romanian children, Marshall and Fox~2004! found that, compared to the never institutionalized group, the institutionalized youngsters exhibited a pattern of increased low-frequency~theta! power in posterior scalp regions and decreased high-frequency~alpha and beta! power, particularly in the frontal and temporal electrode regions. These findings are interpreted as evidence for cortical hypoactivation in the institutionalized Romanian children. Furthermore, Chugani, Behen, Muzik, Juhász, Nagy, and Chugani~2001! utilized positron emission tomography~PET! on a sample of children who had been adopted from Romanian institutions approximately 6 years previously. Chugani and colleagues 2001! found that these children exhibited significantly decreased metabolic activity in multiple brain regions, suggesting that the effects of early institutional care may persist through childhood.
Taken together, the group differences in ERP amplitude in the Parker et al.~2005b! investigation, the Marshall and Fox~2004! findings of decreased EEG power, and the significantly decreased metabolic activity across multiple brain regions discovered by Chugani et al. 2001 ! in their PET study provide corroborative support for the hypothesis that an early institutional upbringing may contribute to a long-lasting development of cortical hypoactivation, as well as dysfunction in emotion processing and brain function.
In a related investigation, utilizing the same sample of Romanian youngsters, Parker et al. 2005a ! recorded the ERPs of institutionalized and never institutionalized children to brief images of caregivers' and strangers' faces. As in their prior study~Parker et al., 2005b!, prominent amplitude differences were obtained in all of the ERP components examined~i.e., N170, P250, Nc, and PSW!. With the exception of the P250 component, the amplitude of the other waveforms studied were larger in both face conditions in the never institutionalized group. The group of institutionalized children exhibited a larger amplitude of the P250. Moreover, consistent with prior literature~e.g., Carver, Dawson, Panagiotides, Meltzoff, McPartland, Gray, & Munson, 2003; Dawson, Carver, Meltzoff, Panagiotides, McPartland, & Webb, 2002; de Haan & Nelson, 1997 , 1999 Nelson & Collins, 1991 !, the amplitude of the Nc was greater to strangers' faces than to those of caregivers for both the institutionalized and never institutionalized groups of children. In contrast, the institutionalized groups of youngsters displayed a greater PSW in response to the caregiver's face, relative to the face of the stranger. Because previous research has led to the conclusion that the PSW represents the updating of the memory of stimuli that are not fully encoded~see de Haan & Nelson & Monk, 2001 !, the PSW findings in the Parker et al.~2005a! investigation suggest that the faces of primary caregivers in institutionalized environments may not be fully encoded by the children assigned to their care.
The second investigative team that has utilized a "natural experiment" to examine ERPs in response to emotion stimuli has been that of Pollak and colleagues in their studies of children who have experienced child abuse and neglect~Pollak, Cicchetti, & Klorman, 1998; Pollak, Cicchetti, Klorman, & Brumaghim, 1997; Pollak, Klorman, Thatcher, & Cicchetti, 2001; Pollak & Tolley-Schell, 2003 !. This research has focused on elucidating the potential
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mechanisms through which the chronic stress experienced by children who have been maltreated could eventuate in problems in the processing of emotion~Pollak et al., 1998!.
Attachment systems have been theorized to be constructed to permit flexible responses to environmental circumstances, influence, and be influenced by emotion regulatory abilities, and function through internal working models that children hold of themselves and of their relationships with others~Bowlby, 19690 1982; Bretherton, 1990; Cassidy, 1994; Sroufe, 1996 !. In these experiments, Pollak and colleagues have strived to ascertain whether the activation of these mental representations may be reflected through physiological activity as well as behavior. Pollak and colleagues reasoned that the P3b ERP component, which is believed to reflect neural processes involved in the updating of mental representations in working memory and varies as a function of task relevance and stimulus probability, may be useful in illuminating the cognitive processes that accompany the encoding of salient emotional stimuli.
In the first investigation, Pollak et al.~1997! compared the ERPs of school-aged maltreated children to those of a group of nonmaltreated children of comparable socioeconomic background and cognitive maturity. Across a variety of experimental conditions, children attended to different facial expressions of emotion~e.g., happy, angry, neutral!, and the probability of occurrence~rare or frequent! and task relevance~target or nontarget! were manipulated. Children were instructed to respond to either an angry or a happy face, both of which appeared less frequently than the nontarget neutral face. The amplitude of the P3b ERP waveform of the nonmaltreated children was equivalent in both the happy and angry target conditions. In contrast, the P3b of the maltreated children was larger in the angry than in the happy target conditions. These findings suggested that angry and happy targets activated affective representations differently for maltreated versus nonmaltreated children and that the ERP response of the maltreated children reflected more efficient cognitive organization in the anger condition than in the happy condition.
In a subsequent study, conducted to determine the specificity of the relation between the ERP response of maltreated children and the nature of the elicited stimuli, Pollak et al. 2001 ! examined and compared the ERP response of maltreated and nonmaltreated children to prototypic happy, angry, and fear facial expressions. As was the case in their prior study, it was discovered that nonmaltreated children exhibited equivalent P3b amplitude in response to all of the target facial expressions of affect~e.g., anger, happy, fear!. However, the amplitude of the P3b waveform of the maltreated children exceeded that of the nonmaltreated children only in response to the angry target~Pollak et al., 2001!. These findings suggest that there was specificity in maltreated children's differential processing of the emotional information and that maltreated children are uniquely sensitive to detecting anger over other facial expressions of emotion.
In a further examination of maltreated children's hypersensitivity to anger, Pollak and Tolley-Schell~2003! posited that early experience of physical abuse may alter the development of perceptual systems by decreasing the minimum amount of threat-related stimulation needed to engage focused attention upon the threat inducing stimuli; they reasoned that if physically abused children respond more quickly and0or strongly to signals of threat, then problems disengaging attention away from anger may emerge. Pollak and Tolley-Schell 2003! employed a selective attention paradigm with an affective component and examined physiological and behavioral measures to assess children's orienting reaction and response time during valid trials, and children's disengagement reaction and response time during invalid trials. Physically abused children demonstrated a selective increase in ERP response on invalid angry trials as indexed by the P3b. These findings provide evidence that increased attentional resources were required to disengage from previously cued angry faces only. The physically abused children also demonstrated faster reaction times in the valid angry condition, consistent with the notion that abused children orient rapidly to cues primed by anger. There were no differences, however, in physically abused children's ERP responses, or reaction times, to happy trials, providing further support for a specific or differential deficit involving attentional processing of anger.
The results of the Pollak et al.~1997, 2001 ! and the Pollak and Tolley-Schell~2003! studies suggest that that the nature of experiences encountered by maltreated children during their lives have caused particular emotion stimuli to become more salient based, perhaps in part, upon the stored mental representations that have been associated with the stimulus over time. Consequently, the prior experience of maltreated children is thought to be reflected in these children's psychophysiological response.
In addition, Pollak and colleagues also have investigated the emotion recognition abilities of maltreated youngsters utilizing behavioral techniques~see, e.g., Pollak et al., 2000; Pollak & Kistler, 2002 !. Pollak and colleagues' research on emotion recognition was informed by earlier work in which maltreated children were found to demonstrate less accurate recognition of emotions than nonmaltreated children, above and beyond the effects of cognitive ability~Camras, Grow, & Ribordy, 1983; Camras, Ribordy, Hill, Martino, Spaccarelli, & Stefani, 1988 !. Further investigation by Camras, Ribordy, Hill, Martino, Sachs, Spaccarelli, and Stefani~1990! has revealed that despite overall deficits in emotion recognition performance, analysis of maltreated children's processing errors suggested that maltreated children have a selective bias, or hypersensitivity, toward the detection of anger~Camras et al., 1990; see also Rieder & Cicchetti, 1989!. For physically abused children, displays of anger, often experienced as the most salient feature of their environment, may be the greatest predictor of threat. Consequently, Pollak and colleagues~2000! hypothesized that physically abused preschool children would exhibit an increased sensitivity to anger-related cues, perhaps also resulting in decreased attention to other emotional cues. Pollak et al. 2000 ! discovered that when physically abused children were exposed to a perceptual scaling task, they perceived angry faces as highly salient and more distinctive relative to other emotion categories. In addition, when instructed to match facial expressions to an emotional situation, physically abused children revealed a response bias for anger such that when they were uncertain which facial expression to choose, they showed a lower threshold for selecting anger. Moreover, physically abused children also have been shown to display more broad perceptual category boundaries for perceiving anger than nonmaltreated childreñ Pollak & Kistler, 2002! and Thus, taken in tandem, it appears that physically abused children do not have emotion recognition or affective information processing deficits in a global manner; rather, differential processing of emotion appears to be specific to anger. Neglected children, in contrast, were found to have more difficulty in accurately discriminating emotional expressions than were physically abused or nonmaltreated children~Pollak et al., 2000!. Signal detection analyses revealed that neglected children employed a more liberal bias in selecting sad faces. Furthermore, when instructed to rate the similarity of facial expressions, neglected children made fewer distinctions between emotions. In contrast, the nonmaltreated children did not display any selection biases in their emotion processing, and, moreover, nonmaltreated children viewed discrete emotions as dissimilar on the perceptual scaling task. Taken together, the results of these investigations suggest that to the extent that children's experiences with the world varies, so, too, will their interpretation and understanding of emotional signals.
In the current study we investigated maltreated toddlers' ERP responses to angry, happy, and neutral facial expressions stimuli to extend the prior findings of Pollak and colleagues to an earlier developmental period. We focused on toddlerhood because it is a period when critical aspects of synaptogenesis, driven in large part by experience in the environment, as well as continued myelination, are occurring~Cicchetti & Curtis, in press; Huttenlocher, 2002; Thompson & Nelson, 2001 !. Moreover, development of higher cog-nitive functions primarily mediated by the prefrontal cortex, such as speech production and language, as well as advances in selfdevelopment and representational0symbolic processes, are taking place during the toddlerhood period~Cicchetti, 1990; Thompson & Nelson, 2001 !.
We had four major hypotheses that guided this work, based on four ERP waveforms that emerged from our data, which were very similar to the waveforms reported by Parker et al. 2005a Parker et al. , 2005b ! in a group of Romanian toddlers of approximately the same age as the children in our sample. We did not undertake type of maltreatment analyses because of the high co-occurrence of maltreatment subtypes in the present sample and because of the limited sample size. The hypotheses are delineated below:
1. N150: Because N150 appears to be a relatively early perceptual component of the ERP, we did not expect to find differences between the ERP amplitudes of maltreated and nonmaltreated youngsters. 2. Early positive component: Based on prior research with institutionalized toddlers reviewed herein, we hypothesized that maltreated and nonmaltreated children would differ in the later, precognitive perceptual processes most likely reflected by this early positive component~identified as P250 by Parker et al., 2005a Parker et al., , 2005b !. Specifically, we expected to find that maltreated toddlers would show larger amplitude of this early positive component while viewing angry facial expressions than their nonmaltreated counterparts. 3. Nc: Because the Nc waveform is thought to reflect a child's allocation of attention to salient0relevant stimuli, we expected to find that the amplitude of Nc would be greater in maltreated children in response to viewing angry stimuli. In contrast, we expected that the amplitude of Nc would be larger in nonmaltreated toddlers when they were looking at happy stimuli. 4. PSW: The PSW is believed to represent the updating of working memory. Accordingly, we hypothesized that maltreated toddlers would exhibit a greater PSW amplitude~area score! in response to viewing happy versus angry facial expressions, because the happy stimulus is likely less familiar than the anger stimulus to these youngsters. In addition, because anger may be a less familiar stimulus to nonmaltreated toddlers, we expected to find an increased PSW while viewing angry stimuli in nonmaltreated youngsters.
Research Design and Methods

Participants
A total of 66 low socioeconomic status~SES! children from maltreating families and nonmaltreating families, all of whom lived at home with their biological mothers, participated in the ERP data collection. Data from 59 of these were retained for analyses, and the final sample consisted of 35 children~19 female, 16 male! from maltreating families and 24 children~9 female, 15 male! from nonmaltreating families. The mean age of these children was 31.3 and 30.1 months, from the maltreating and nonmaltreating families, respectively. The entire sample ranged in age from 28.8 to 36.1 months. Detailed demographic characteristics of the sample will be described in a subsequent section, and are presented in Table 1 . Prior to data collection, mothers of all children participating in the study received complete information concerning the study procedures, and provided informed consent for their child's participation, as well as consent for examination of all Department of Human and Health Services~DHHS! records involving the family.
Participant recruitment. Maltreating families were recruited from the DHHS and were representative of families receiving services from the Monroe County DHHS. Specifically, all families identified as having a child with a documented history of maltreatment in the first 12 months of life were contacted by a DHHS liaison, who requested permission from families to be contacted by project staff to be recruited for possible participation in this study. Determination of maltreatment status was based upon examination of Child Protective Service~CPS! and Preventive Services records at DHHS. All existing records for each family were coded by trained raters utilizing the Barnett, Manly, and Cicchetti~1993! nosological classification system for child maltreatment.
To maximize demographic comparability to the maltreatment sample, low-SES nonmaltreated families were recruited from families receiving public assistance in the form of Temporary Assistance to Needy Families. Nonmaltreatment status was confirmed by an absence of CPS or Preventive Services records for the family, as well as by maternal interview.
Demographic characteristics. Maltreating and nonmaltreating families were similar on most key demographic variables, summarized in Table 1 . Males comprised 45.7% of the maltreating group, whereas 62.5% of the nonmaltreating group was male, with no statistically significant difference in gender composition between the maltreating and nonmaltreating groups. However, the children in the maltreating sample were slightly older than those in the nonmaltreating sample, 31.3 versus 30.1 months, t~2, 57! ϭ 2.74, p , .01. Although different at the level of statistical significance, the actual mean age difference was less than 2 months and reflects minimal if any! developmentally mediated differences in brain functioning. In addition, the mean maternal age of the maltreating sample was higher than that in the nonmaltreating sample, 29.4 versus 25.8 years, t~2, 57! ϭ 2.27, p , .05. There were no statistically significant differences between the two groups on maternal marital status and maternal ethnicity. Both groups in the sample had low scores on Hollingshead's~1975! Four-Factor Index of Social Status, with 80.0% of the families in the maltreating group and 75.0% of the families in the nonmaltreating group falling in the two lowest social strata. During participant recruitment for the ERP study, 38 families were approached concerning participation in the study but declined to take part. However, there were no statistically significant demographic differences between this group and those who participated in the ERP data collection. In addition, 4 of the 66 infants~6.1%! who came to the laboratory for EEG data collection yielded no data or incomplete data due to fussiness of the child and0or technical problems, and were thus not included in the final analyses. Data from an additional three infants who completed the ERP For all maltreating families, mothers were named as a perpetrator of maltreatment, although additional perpetrators may have been present. In addition, the maltreatment sample in this study consisted of families where the biological mother has remained the primary caregiver. Infants placed in foster care and HIV positive infants were not recruited for the current sample. Infants who had been placed in foster care were excluded because we were, in part, interested in the impact on brain functioning of the caregiving environment provided by the biological mother throughout the first 2.5 years of life. Because of the developmental and medical complications associated with HIV, these infants were not included in our study. In addition, infants born more than 4 weeks prematurely, and0or with severe perinatal medical complications, were not included in the final sample.
EEG recording
The EEG was recorded from midline~Fz, Pz, Oz! and lateral scalp locations~F3, F4, F7, F8, C3, C4, T3, T4, T5, T6, P3, P4, O1, O2! using a Lycra Electro-Cap~Electro-Cap International, Eaton, OH! fitted with Ag-AgCl disk electrodes sown into the cap, arrayed according to the International 10020 system~Jasper, 1958!. EEGs were also recorded from left and right mastoids, as well as the reference site at the vertex~Cz!. An anterior midline site~AFz! served as the ground electrode. Following cap placement, a small amount of Electro-Gel was placed into each of the scalp and mastoid electrodes. After pressing the gel into the electrode and creating good contact between the scalp and electrode, a small quantity of electrolytic conducting gel was inserted into each electrode. The electrooculogram~EOG! was recorded from electrodes placed vertically above and below the right eye bisecting the midline, and horizontally at the right and left canthus. The EOG electrodes were held in place with small adhesive collars, and a small amount of conducting gel was placed inside the electrode prior to placement on the face. The capping procedure was considered complete when impedances were at or below 5 kV for scalp electrodes and 10 kV for eye electrodes.
Signals from all EEG and EOG channels were recorded using a SYNAMPS 32-channel EEG amplifier manufactured by Neuroscan, Inc.~El Paso, TX! and the Acquire module of Scan 4.1 EEG software~Neuroscan, Inc.!. EEG gain was set to 500, and gain for the EOG channels was set to 150. All data were sampled at 2-ms intervals~500 Hz!, and signals from all channels were digitized onto the hard drive of a PC using a 12-bit A0D converter after being filtered through a bandpass filter from 0.1 to 30 Hz, as well as a 60-Hz notch filter. Prior to recording EEG data in each experimental session, a 400-mV 20-Hz calibration signal was input into each of the channels.
All participants viewed a total of 133 images. Angry and happy facial expressions were each presented across 20 trials~each comprising 15% of the total number of trials!, whereas the neutral stimuli were presented across 93 trials~70% of the total number of trials!. Trials consisted of a 200-ms prestimulus baseline, followed by a 1000-ms stimulus presentation. Stimulus offset was followed by a blank screen for 800 ms. The intertrial interval was 1000 ms for all trials.
Continuous EEG data were monitored online throughout the experimental session, and periods with excessive artifact due to subject movement were marked. Videotapes of subjects during the EEG data collection were coded by two research assistants offline to determine whether the infant was looking at the computer monitor in the subject booth during presentation of experimental stimuli. All raters were unaware of the participants' maltreatment status. The videotape recordings were synchronized with stimulus presentation, and the coders rated whether or not the infant was looking at the stimulus presentation monitor for at least 20 out of a possible 30 video frames spanning the 1,000-ms stimulus presentation interval. All trials during which the infant failed to attend to the stimulus for fewer than 20 of the 30 video frames were not included in the calculation of individual averages. Interrater reliability for the coding system was calculated for a random subset of 20% of the subjects for whom data was used. The two raters achieved 86% agreement for looking, with no statistically significant differences on interrater agreement across the three stimulus types.
Stimuli. Participants viewed black and white images of the face of one of three adult Caucasian females posing angry, happy, and neutral facial expressions selected from a standardized set of stimuli developed by Ekmañ 1976; slide numbers 21, 23, 24, 51, 53, 54, 66, 68, and 69!. Each subject viewed the same face during the experiment, chosen randomly from the three models prior to the experimental visit. The ordering of angry, happy, and neutral trials was different across each of the three image sets. The ordering was randomly determined based on probability of stimulus presentation. No stimulus type was presented more than two times in a row. Images appeared one at a time on a computer monitor situated approximately 120 cm from the subject, and the visual angle subtended by the slides was 8.5 ϫ 138. The presentation of the stimuli was programmed and controlled using the STIM module of the Scan 4.1 software packagẽ Neuroscan, Inc.!.
ERP data reduction
The EEG signal was edited offline for artifacts using software algorithms. Scalp leads were referenced to an inactive mastoid electrode and later rereferenced to linked ears offline. Trials were excluded from further processing if the EEG signal exceeded 6250 mV in any 50-ms window. To correct for the influence of eye movement or blinks on the EEG, a software algorithm based on procedures described by Gratton, Coles, and Donchin~1983! was applied, where EEG data were adjusted for their regression on the EOG for vertical eye blinks, etc.! and horizontal movements separately.
Following artifact rejection and EOG correction procedures, individual participant averages were computed for each stimulus type~angry, happy, neutral!. An individual participant's data were used if there was a minimum of seven artifact-free trials for each stimulus type during which they attended to the stimulus. There is no "hard" standard in the electrophysiology literature for an acceptable minimum number of artifact-free trials in ERP studies. However, in ERP research with infants and young children, the minimum number of trials comprising an average is generally lower than in adult studies due to the increased likelihood of younger participants to be restless, nonattentive, sleepy, and0or irritable during data collection. A sampling of published ERP studies of infants and young children from a number of labs indicated a fairly narrow range of minimum acceptable artifact-free trials, from 5~e.g., deRegnier, Georgieff, & Nelson, 1997, in a study of 4-month-olds! to 15~e.g., de Haan, Belsky, Reid, Volein, & Johnson, 2004!, with many other studies falling somewhere in between these numbers. Careful inspection of our data, in particular averages for those children consisting of 5-10 trials, indicated that the signal to noise~S0N! ratio was adequate for those averages containing seven or more trials, whereas the S0N ratio of those with fewer than seven trials was too low. Subsequently, a grand average for each condition and group was computed~see Figures 1-3 !.
Across all participants with complete data, there were an average of 14.6~SD ϭ 3.0, range ϭ 7-20! trials included in the averages for the angry condition, 13.8~SD ϭ 3.0, range ϭ 8-20! trials in the averages for the happy condition, and 64.3~SD ϭ 14.1, range ϭ 26-88! for the neutral condition. There were no statistically significant differences between the maltreating and nonmaltreating groups on the number of trials included in the averages within each condition.
Based on inspection of individual subjects' averages for each of the three conditions as well as the grand averages, we identified four ERP components. The first of these was an early negative component within a time window of 90-200 ms. This waveform had its maximum amplitude at frontal and central electrode sites with a peak latency of approximately 150 ms, and thus is referred to as N150. The second waveform, identified within a time window of 200-400 ms, was a relatively early positive component with maximum amplitude occurring generally at central electrode sites with a peak latency of approximately 260 ms, thus is referred to as P260. The third waveform was identified within a time window of 400-600 ms. This was a prominent negative component with maximum amplitude at central electrode sites and a peak latency of approximately 450 ms, and it is believed to be the ubiquitous Nc waveform commonly observed in ERP studies of facial recognition in infants and children. Finally, a relatively long latency, positive component PSW! was identified between 900 and 1750 ms.
Peak amplitude relative to the 200-ms baseline and latency to peaks were determined using an automated computer algorithm within the first three time windows. Area scores relative to baseline~rectified! were computed for the PSW within the fourth time window, using an algorithm that estimates area by computing the product of the sampling interval and the sum of all points in the interval~except the two endpoints, which are given one-half weight!. Individual averages for each scalp electrode were hand edited after peak amplitude and latency were determined for the N150, P260, and Nc waveforms to ensure that none of the automatically detected peaks occurred on the edge of the waveforms.
Assessment of infant development. The Mental Scale of The Bayley Scales of Infant Development, 2nd edition~BSID-II; Bayley, 1993! was administered to all participants in the current study prior to the ERP lab visit to assess current level of cognitive, language, and personal-social development. The Mental Scale of the BSID-II provides a global measure of intellectual development, and measures cognitive functions such as memory, learning, problem-solving ability, as well as verbal communication skills. A score on the Mental Development Index~MDI! for each participant was derived from this measure, and employed as a statistical covariate in the analyses of the ERP data. Although there was not a statistically significant difference between the maltreated and nonmaltreated groups on this index, there was a very wide range of scores within both groups~see Table 1 !. Even small individual differences in mental age~as indexed by the MDI! could potentially be correlated with individual differences in latency and0or amplitude of ERP waveforms; thus, MDI scores were employed as a covariate to ensure precise matching of cognitive development and mental age between the two groups.
Procedure
All children were determined to be in good health and free of any medications at the time of the EEG laboratory visit. After all electrodes were put in place and impedances were determined to be acceptable, all infants were seated on their mother's lap in a darkened, sound attenuated room. During data collection, a research assistant observed the child's behavior on a video monitor in the control room, and experimental stimuli were presented whenever the child was deemed to be paying attention to the monitor in the subject booth. If the child was not attending, then the mother was instructed, over an intercom system, to attempt to direct the child's attention to the computer monitor in the booth. During periods when the child was not attending to stimuli, a white box was presented on the monitor. Occasionally, a bulls eye pattern was presented on the computer monitor in conjunction with a rattle sound if the observer thought the
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child's attention could be redirected back to the screen without enlisting the assistance of the mother. Each of these experimenter initiated events was marked on the continuous EEG recording as they occurred. If the infant became distracted or fussy to the extent that they were not able to pay attention to the stimuli, then the experimental session was terminated. Parents were reimbursed for travel expenses and their time, and children were given a small toy after the experimental session.
Results
For the N150, P260, and Nc ERP components, repeated-measures analyses of variance~ANO-VAs! were computed, one using peak amplitude as the dependent variable and the other employing peak latency as the dependent variable. For the PSW component, repeatedmeasures ANOVA also was employed, using the rectified area scores under the waveform. All statistical analyses were computed using the Statistical Package for the Social Sciences for Windows, Version 12. Following from Vasey and Thayer~1987!, all p values were corrected for sphericity using the GreenhouseGeisser procedure when epsilon was less than 0.90. Chronological age and individuals' scores on the Bayley MDI~Bayley, 1993! were employed as covariates in all analyses.
Two sets of ANOVAs were computed for N150, P260, and Nc average peak amplitudes and latencies and PSW average area scores, as dependent variables. The first was for the midline electrode sites~Fz, Cz, and Pz!, with midline region~frontal, central, parietal! and emotion~angry, happy, neutral! as withinsubjects factors and group~maltreating, nonmaltreating! as a between-subjects factor. The second set of ANOVAs was computed for lateral electrode sites, with region~frontal, central, parietal, and temporal!, hemisphere~left, right!, and emotion~angry, happy, neutral! as within-subjects factors, and group~maltreat-ing, nonmaltreating! as a between-groups factor. Frontal and temporal lateral regions each consisted of two electrodes per hemispherẽ e.g., left frontal included F7 and F3, right temporal included T4 and T6!, which were averaged together to yield a mean regional amplitude and latency, whereas each hemisphere of central and parietal regions consisted of one electrode. Because occipital electrode sites typically do not exhibit evidence of emotion discrimination, data from these leads were not included in the analyses.
N150
Midline electrode sites
Amplitude. There were no statistically significant between-or within-subjects effects across the midline electrode sites for the amplitude of the N150.
Latency. There was a statistically significant Region ϫ Emotion interaction of N150 latency for the midline electrode sites, F~4, 55! ϭ 2.74, p , .05, h p 2 ϭ 0.048. Across both hemispheres and groups, there were shorter latencies for neutral faces at Cz than at either Fz or Pz, and longer latencies for angry faces at Pz than at either Fz or Cz.
Lateral electrode sites
Amplitude. There was a main effect for Emotion that approached statistical significance, F~2, 57! ϭ 2.60, p , .10, h p 2 ϭ 0.045, with amplitude of the N150 greater while viewing angry faces than neutral. This effect was qualified by a Region ϫ Emotion interaction that also approached statistical significance, F~6, 53! ϭ 2.00, p , .10, h p 2 ϭ 0.035, which indicated that the greater amplitude to angry faces was most pronounced in the frontal region.
Latency. There were no statistically significant between-or within-subjects effects across the midline electrode sites for latency of the N150.
P260
Midline electrode sites
Amplitude. There was a main effect of Emotion for the P260 amplitude of midline electrodes, F~2, 57! ϭ 4.95, p , .05, h p 2 ϭ 0.083.
Post hoc paired comparisons indicated that, across all regions and both groups combined, the amplitude of the P260 was greater in response to viewing angry, t~1, 58! ϭ 3.68, p , .01, and happy, t~1, 58! ϭ 4.15, p , .001, faces relative to neutral. This effect was qualified by a statistically significant interaction of Region ϫ Emotion ϫ Group, F~4, 55! ϭ 3.41, p , .05, h p 2 ϭ 0.058~see Figure 4 !. Selected post hoc comparisons indicated that P260 amplitude while viewing angry faces was greater at frontal electrode sites for children in the maltreated group than for those in the nonmaltreated group, F~1, 58! ϭ 4.62, p , .05, h p 2 ϭ 0.077. However, post hoc comparisons did not reveal any statistically significant within group differences for region or emotion.
Latency. For latency of the P260 on midline electrodes, there also was a main effect of Emotion, F~2, 57! ϭ 3.41, p , .05, h p 2 ϭ 0.058. Post hoc comparisons indicated that, across both groups and all regions, latency of the P260 while viewing angry faces was longer than latencies for viewing happy and neutral faces, F~1, 58! ϭ 4.62, p , .05, h p 2 ϭ 0.067.
Lateral electrode sites
Amplitude. For the lateral electrode sites, there was a statistically significant main effect of Emotion, F~2, 57! ϭ 4.19, p , .05, h p 2 ϭ 0.071. Post hoc comparisons indicated that, across all regions and both groups, amplitude of the P260 was greater in response to viewing angry, t~1, 58! ϭ 3.42, p , .01, and happy, t~1, 58! ϭ 4.59, p , .001, faces relative to neutral. The main effect of Emotion was qualified by a statistically significant interaction of Region ϫ Emotion ϫ Group, F~4, 55! ϭ 3.07, p , .05, h p 2 ϭ 0.053, as illustrated in Figure 5 . Selected post hoc comparisons indicated that P260 amplitude while viewing angry faces was greater at frontal electrode sites for children in the maltreated group than for those in the nonmaltreated group, F~1, 58! ϭ 5.22, p , .05, h p 2 ϭ 0.087. In addition, post hoc comparisons within groups revealed that for the comparison group, P260 amplitude at frontal sites was greater for happy than for angry, t~1, 23! ϭ 2.41, p , .05, as well as greater for happy compared to neutral, t~1, 23! ϭ 2.14, p , .05. However, within the maltreated group, there was no difference in P260 amplitude between happy and angry at frontal electrode sites. The topographical map for P260 amplitude shown in Figure 6 also illustrates the between and within group differences across the three emotion conditions.
Latency. There was a main effect of Emotion that approached statistical significance, F~2, 57! ϭ 2.69, p , .10, h p 2 ϭ 0.047, indicating that across both groups and all regions, the latency of the P260 while viewing angry faces was longer than latencies while viewing happy and neutral faces.
Nc
Midline electrode sites
Amplitude. There was a main effect of Emotion for amplitude of the Nc at midline electrode sites that approached statistical significance, F~2, 57! ϭ 2.35, p , .10, h p 2 ϭ 0.041, indicating that, across all regions and both groups, the amplitude of the Nc was greater in response to viewing happy faces relative to neutral. This effect was qualified by a statistically significant interaction of Region ϫ Emotion ϫ Group, F~4, 55! ϭ 3.06, p , .05, h p 2 ϭ 0.053~see Figure 7 !. Selected post hoc comparisons showed that within the maltreated group, while viewing angry faces, Nc amplitude was greater at Cz than at Fz, t~1, 34! ϭ 2.73, p , .05, and Pz, t~1, 34! ϭ 3.16, p , .01. However, within the comparison group, there were no differences in Nc amplitude across electrode sites while viewing angry faces.
Latency. There were no statistically significant between-or within-subjects effects across the midline electrode sites for latency of the Nc.
Lateral electrode sites
Amplitude. For the lateral electrode sites, there was also a statistically significant interaction of Region ϫ Emotion ϫ Group, F~6, 53! ϭ 2.69, p , .05, h p 2 ϭ 0.047, illustrated in Figure 8 . Post hoc comparisons did not show statistically significant differences between groups for this interaction on Nc amplitude. However, selected post hoc comparisons within the comparison group showed that at parietal sites, Nc amplitude while viewing happy faces was greater than that for angry, t~1, 23! ϭ 2.21, p , .05, and neutral, t~1, 23! ϭ 2.12, p , .05, faces. Similarly, at temporal sites, Nc amplitude while viewing happy faces was greater than that while viewing neutral faces, t~1, 23! ϭ 2.48, p , .05. In contrast, within the maltreated group there were no emotion linked Nc ampli-tude differences between happy and angry at any electrode sites. The topographical map in Figure 9 further illustrates the increased Nc amplitude in the nonmaltreated group while viewing happy faces, and the lack of Nc amplitude differentiation between emotion conditions in the maltreated group.
Latency. There were no statistically significant between-or within-subjects effects across the lateral electrode sites for latency of the Nc.
PSW
Midline electrode sites
For the midline electrodes, there was a statistically significant main effect of Region, F~2, 57! ϭ 8.32, p , .01, h p 2 ϭ 0.131, for the PSW area score. Post hoc analyses indicated that the area score for the PSW, across both groups and all emotions, was greater at Fz and Cz than at Pz, F~1, 58! ϭ 9.64, p , .01. 
Lateral electrode sites
For the lateral electrode sites, there was a statistically significant main effect of Region, F~3, 56! ϭ 3.86, p , .05, h p 2 ϭ 0.049. Post hoc analyses revealed that there were greater area scores for frontal and central electrode sites than for parietal and temporal sites, across both groups and all emotions. Post hoc analyses indicated that the area score for the PSW, across both groups and all emotions, was greater at Fz and Cz than at Pz, F~1, 58! ϭ 4.76, p , .05. There was also a main effect for Emotion that approached statistical significance, F~2, 57! ϭ 2.66, p , .10, h p 2 ϭ 0.046. This effect indicated that, across groups and regions, the PSW area score was greater in response to viewing angry and happy faces relative to that elicited by neutral faces. Further, there was a statistically significant interaction of Hemisphere ϫ Emotion ϫ Group, F~2, 57! ϭ 3.77, p , .05, h p 2 ϭ 0.064, shown in Figure 10 . Post hoc analyses indicated, approaching the level of statistical significance, that the nonmaltreated group exhibited greater PSW area scores in the right hemisphere while viewing angry faces relative to the maltreated group, F~1, 58! ϭ 3.34, p , .10, h p 2 ϭ 0.057. However, further post hoc analyses did not reveal any statistically significant differences between or within the groups.
Discussion
The present investigation was conducted to examine the effect of early childhood maltreatment on the neural correlates of processing emotion stimuli. This study represents the first investigation of the impact of child maltreatment occurring in the first year of life on the neural correlates of facial emotion recognition in toddlerhood.
Consistent with our expectations, no between-group differences were obtained in either the latency or amplitude of the N150 ERP component. However, the specific functional correlates of this waveform in 30-montholds is unclear. Parker et al.~2005a, 2005b ! in a sample of youngsters 7-32 months of age, report an early negative ERP waveform~N170! with a very similar morphology and latency to the one observed in the current study. It is quite likely that their N170 is equivalent to the N150 waveform obtained in the present investigation, in particular, because the early negative component from Parker et al.~2005b! appears to be more prominent in the older group of children in their sample who ranged in age from 23.7 to 31.6 months. The mean age of our sample is slightly older than the mean age of Parker et al.'s~2005b! older group of children~approximately 31 vs. 27 months!; this age difference may account for the slightly earlier peak latency found in the current sample.
Parker et al.~2005b! reported fairly substantial between-group differences on the N170 waveform, with the group of institutionalized children showing lower overall amplitude. This was interpreted as part of a pattern of results reflecting an overall maturational lag in nervous system development in the institutionalized children~Parker et al., 2005b!. In contrast, however, there were no statistically significant between group differences on the amplitude of the N150 in the current study.
The functional significance of the N170 is reasonably well established in adults, and is believed to reflect processing related to the structural encoding of faces that occurs prior to face recognition, independent of familiarity and emotional expression~Bentin, Allison, Pruce, Perez, & McCarthy, 1996; Eimer, 2000a Eimer, , 2000b Eimer & Holmes, 2002!. However, it is unclear what processes may be reflected in this early negative waveform seen in the current study and the Parker et al.~2005b! investigation. It appears unlikely that this component corresponds to the N170 seen in adult ERPs, given the strong experimental evidence indicating that the adult N170 does not reach the typical pattern until early adolescence~see Tay . The topography of the P260 ERP component across the three emotion conditions for the maltreated and nonmaltreated groups. Each map is constructed based on the latency of the P260 peak at Fz~where P260 was maximal! from the grand average of that group and condition. Because of amplitude variations between groups and across emotions, the scales were adjusted separately for each condition to best illustrate the P260 component. children between 12 and 48 months of age indicating the specific developmental trajectory of this waveform, with one study of 4-yearolds showing an N170-like component at a mean latency of 270 ms~Taylor, McCarthy, Saliba, & Degiovanni, 1999!. However, the peak latency of the N150 waveform found in the current study was far earlier, thus making it unlikely to correspond with the waveform found by Taylor et al.~1999!.
Regardless of the specific functional significance of this early negativity in young children, this early negative component occurs so soon after the presentation of the stimulus that it most likely reflects early perceptual processing of a stimulus, and thus is unlikely to represent processing of facial affect. Thus, the current findings suggest that there are no differential early perceptual processing effects for face stimuli between maltreated and non- Figure 7 . Plots illustrating the Region ϫ Emotion ϫ Group interaction of the Nc component amplitude at midline electrode sites in the~a! maltreated group and~b! nonmaltreated group. For both plots, the mean amplitude~absolute value, mV! is shown with the amplitude collapsed across hemispheres. maltreated youngsters. It is therefore conceivable to infer that early maltreatment may not have an impact on perceptual processes occurring in toddlerhood. However, it remains unclear as to why there would be substantial group differences in this waveform in the Parker et al.~2005b! Romanian study and no group differences between maltreated and nonmaltreated toddlers examined in the current investigation. One plausible explanation is that the adversity experienced by the maltreated toddlers in the current sample was not as extensive as that experienced by the institutionalized Romanian children in the Parker et al. 2005b! study. Even Parker and Nelson did not specify the exact phenomenology of the deprivation experienced by the Romanian institutionalized children, it is likely that the deprivation experienced by these children was far greater than that encountered in the current Figure 8 . Plots illustrating the Region ϫ Emotion ϫ Group interaction of the Nc component amplitude at lateral electrode sites in the~a! maltreated group and~b! nonmaltreated group. For both plots, the mean amplitude~absolute value, mV! is shown with the amplitude collapsed across hemispheres. Figure 9 . The topography of the Nc ERP component across the three emotion conditions for the maltreated and nonmaltreated groups. Each map is constructed based on the latency of the Nc peak at Cz~where Nc was maximal! from the grand average of that group and condition. Because of amplitude variations between groups and across emotions, the scales were adjusted separately for each condition to best illustrate the Nc component. maltreated sample. Despite the fact that it appears that the experience of maltreatment in the current sample did not alter basic early perceptual processes in recognition of facial affect, the severe and pervasive deprivation experienced by institutionalized Romanian children appears to have impacted these processes.
Although there were no between-group differences in latency, at both the middle and lateral regions at frontal electrode sites, the maltreated toddlers exhibited a greater P260 amplitude while viewing angry faces than did the nonmaltreated comparison children. Few, if any studies of facial affect recognition report this relatively early positive ERP component. In a study of 7-month-olds' processing of facial expressions of emotion, Nelson and de Haan~1996! report an early positive component with peak amplitude occurring over pa- Figure 10 . Plots illustrating the Hemisphere ϫ Emotion ϫ Group interaction of the PSW at lateral electrode sites in thẽ a! maltreated group and~b! nonmaltreated group. The mean area score is plotted in standard units, with the area score collapsed across electrode sites.
rietal and central regions with a mean peak latency of approximately 275 ms over midline leads. In particular, this component was found to be sensitive to facial affect, and had larger peak amplitude in response to infants' viewing of a happy face compared to viewing a fearful face. However, in the same study, this early positive component did not distinguish between infants' viewing of two negative emotions, anger and fear. In addition, in their ERP studies of facial affect and maltreatment in a sample of school age children, colleagues~Pol-lak et al., 1997, 2001 ! reported finding an early positive component at a mean latency of approximately 200 ms. However, these investigators did not advance any specific hypotheses concerning this waveform, and thus did not analyze its potential relation to processing of facial affect and maltreatment.
Although it is impossible to determine whether the early positive components found by Nelson and de Haan~1996! or by Pollak et al. 1997 ! are analogous to the P260 observed in the current study, it is of particular interest that the relatively early positive component observed by Nelson and de Haan~1996! was sensitive to facial expression of emotion. However, the relative lack of findings concerning this waveform in the ERP literature has precluded a definitive interpretation concerning its functional significance. Nonetheless, this was a prominent feature in the ERP data in the current study, as well as in the waveforms obtained by Parker et al.~2005a, 2005b ! in their study of Romanian youngsters of approximately the same age~these authors reported a wave they termed P250, which was highly similar in amplitude, morphology, and latency, although with a peak latency 10 ms earlier than found in the present study!. Given this early processing component's apparent sensitivity to facial affect, the P260 may represent a later perceptual process that includes recognition of the affective component of a face.
The results concerning the P260 waveform from the current study are to some extent consistent with our hypotheses. For the P260, there was a main effect of emotion, indicating an overall greater P260 amplitude in response to viewing the angry and happy emotion faces relative to neutral. This finding suggests that the P260 may reflect discrimination of faces with expressions of emotion from those with no emotional expression.
However, the primary finding concerning the P260 involved an interaction of region, emotion, and group. Figure 6 illustrates this finding, indicating very similar topographical distribution of this waveform for both groups in response to viewing both happy and neutral facial expressions. In response to viewing angry facial expressions, the P260 attains maximum amplitude at frontal electrode sites for the maltreated children, but has maximum amplitude at more central electrode sites for the nonmaltreated comparison children. Figure 11 further illustrates the difference in the scalp distribution of this waveform between the two groups, and shows the regional difference in the topography of the P260 during 100 ms that the P260 was most prominent while viewing faces with an angry expression.
It is difficult to definitively interpret this result given the lack of information concerning the specific functional significance of this particular waveform. Parker et al.~2005b! reported that the P250 from their ERP study distinguished not only younger from older children, but also reported main effects for both region and group, as well as an interaction between region, emotion, and group. Their results indicated that, for midline electrode sites, the never institutionalized children had greater P250 amplitude in response to fearful versus sad facial expressions in the frontal region, whereas the institutionalized group had greater P250 amplitude in response to viewing happy and sad facial expressions relative to the anger expression, as well as in the frontal region. However, Parker et al.~2005b ! concluded that the emotion-based group differences in the P250 in their study were a residual effect of differences found in the preceding N170 waveform.
In the current study, given that there were virtually no effects related to the N150, the effects found for the P260 could be interpreted as reflecting actual underlying neurofunctional processes. However, the difference in topographical distribution of the P260 between the maltreated and nonmaltreated groups, without an overall difference in amplitude, adds some difficulty in interpreting Figure 11 . The topography of the P260 ERP component in response to the viewing angry facial affect across 100 ms for the maltreated and nonmaltreated groups. The maps are at 20-ms intervals from 210 to 310 ms, 50 ms before and after the peak latency of the waveform, based on the peak at Fz~where P260 was maximal! from the grand average of that group. the finding. Consistent with the hypothesis that the P260 represents a relatively late perceptual process that includes the basic identification of facial expressions of emotion, the findings from the current study may be indicative of the impact of maltreatment on neurofunctional processes underlying the detection of facial expressions of emotion, in particular, the identification of anger in the maltreated children. For maltreated children, detecting anger in the face of a caregiver would be of particular relevance, and may be associated with threat. In addition, maltreated children may either have a greater familiarity with angry faces, and0or anger in a facial expression may certainly be of increased relevance or salience. The current findings may reflect that maltreated children are as familiar with angry facial expressions as they are with happy or neutral expressions, whereas the shifting of the P260 in the nonmaltreated children may reflect a response to the angry facial expression as though it were more novel, threatening, and0or unfamiliar.
Although the overall amplitude of the P260 is equivalent between the maltreated and nonmaltreated groups, the topography of the waveform in response to viewing angry facial expressions is the critical feature distinguishing these two groups. As can be seen in Figure 6 , the scalp distribution of the P260 of the maltreated children at the frontal electrodes in the angry condition is similar to the distribution of this waveform in response to viewing both happy and neutral faces in both groups. However, the scalp topography of the P260 over more central and parietal regions in the nonmaltreated comparison children while viewing angry facial expressions is the critical between group difference~see Figure 6 !. This may argue for the P260 underlying the detection of more novel~or less frequently experienced! facial expressions~i.e., angry faces for the nonmaltreated children!. However, the functional role of this shifting of the P260 to more central regions, as well as the mechanisms by which this topographical difference may be induced by the experience of maltreatment, are unclear.
The finding of an increased amplitude to angry stimuli follows a similar pattern to that obtained by Pollak and colleagues in their ERP investigations of school-age maltreated children~Pollak et al., 1997 children~Pollak et al., , 2001 !. These investigators found that maltreated children had a larger amplitude of a P300-like waveform in response to angry faces compared to happy faces. Although it is unlikely that the P260 waveform found in the current study is functionally or morphologically related to the later positive waveforms reported by Pollak et al. 1997 Pollak et al. , 2001 !, it is interesting to note the similarity, if only for frontal electrodes~Pollak and colleagues did not find any regional effects!, of the hyperresponsiveness to angry facial expressions by the maltreated compared to the nonmaltreated toddlers. This may reflect a general hyperactivation elicited by angry facial expressions in children who have experienced maltreatment, reflecting an increased familiarity with this particular affect.
In addition to the between-group effects found for the P260, for lateral electrode sites, within the nonmaltreated group, P260 amplitude was larger in response to viewing happy faces compared to both angry and neutral faces. Within the maltreated group, however, the P260 amplitude was comparable for angry and happy faces at the lateral electrode sites. This within-group difference in P260 amplitude may suggest that happy faces are either more familiar and0or more relevant0 salient for nonmaltreated toddlers. Furthermore, because there were no differences in the ERP amplitude of maltreated youngsters to angry and happy faces at lateral sites, it is conceivable that the experience of maltreatment might diminish the ability of these youngsters to differentiate emotion.
There were no statistically significant between-group differences in latency or amplitude of the Nc ERP component. However, within the maltreated group at the midline electrodes, the Nc amplitude was greater at Cz than at Fz or Pz when children were looking at angry faces compared to viewing happy or neutral facial expressions. There were no within-group differences at the middle electrodes within the nonmaltreated comparison group. These results may indicate that maltreated children were allocating more attention to angry faces.
In addition, at the lateral electrode sites, within the nonmaltreated group, a greater Nc amplitude was exhibited to happy than to angry faces at parietal electrode sites. In contrast, no differences were found in Nc amplitude in response to viewing happy versus angry faces in the maltreated group. As was the case with maltreated children's lack of a differential ERP amplitude at P260 to happy versus angry faces at lateral sites, the absence of an ERP amplitude difference at Nc to these emotional stimuli at the lateral sites may suggest that maltreatment experiences impair these youngsters' ability to recognize emotion.
The Nc is one of the most well-studied ERP components in infants and children, and appears to be ubiquitous in its appearance in ERPs elicited by a variety of paradigms. Because of its sensitivity to stimulus probability, whereby it is of larger amplitude to infrequent compared to frequent events in oddball paradigms, its putative neurofunctional significance in infants and young children is believed to be a reflection of the allocation of attention to, or hyperarousal elicited by, a novel stimulus~Nelson, 1994; Richards, 2002!. In addition, the Nc appears to reflect some aspects of recognition independent of stimulus probability, with greater amplitude of the Nc observed in response to familiar stimuli, which may reflect greater allocation of attention to the familiar~de Haan et al., 2003!. For example, at 6 months of age, Nc is larger in response to viewing the mother's face than a stranger's face~e.g., de Haan & Nelson, 1997 , 1999 Thus, there appears to be a fundamental contradiction concerning the functional significance of the Nc, with some paradigms~e.g., the oddball! eliciting greater Nc amplitude for novel stimuli, whereas other types of paradigms appear to elicit greater Nc amplitude in response to familiar stimuli. Carver et al. 2003 ! have recently demonstrated that this phenomenon may be dependent on aspects of brain development in concert with experience, with children younger than 24 months of age showing a larger Nc in response to mother's face compared to stranger's face, whereas children older than 45 months show the reverse pattern.
To be able to interpret the findings of the current study, it is necessary to clearly understand the functional nature of the Nc waveform. Unfortunately, the mean age of the children in our sample, 31 months, is in between the ages of the two groups studied by Carver et al.~2003!, thus making it difficult to extrapolate from those findings. In addition, of course, the stimuli used in the current study were not mother-stranger faces, but were rather faces of unfamiliar models exhibiting emotion expressions. There were no statistically significant findings concerning the amplitude of Nc related to facial affect in the Parker et al.~2005b! study of Romanian children. Thus, it is difficult to compare the current findings with their results. However, it is likely that the pattern of results found for the Nc in the current investigation may reflect increased allocation of attention to a more familiar happy facial expression in the nonmaltreated group.
Finally, the nonmaltreated children exhibited an increased area of the PSW in the right hemisphere when looking at angry stimuli. Given that the PSW is thought to reflect memory updating of stimuli that are not completely encoded~e.g., Nelson & Monk, 2001 !, the current findings suggest that anger may be a less familiar stimulus for the nonmaltreated youngsters, and, as such, it requires more effort to be updated in memory. Because experience-dependent processes continue to operate during periods of exposure to trauma and aberrant emotional environments, children who incorporate pathological experiences may add neuropathological connections into their developing brains instead of functional neuronal connections~Black, Jones, Nelson, & Greenough, 1998; Courchesne, Chisum, & Townsend, 1994 !. Such early developmental abnormalities may lead to the development of aberrant neural circuitry and often compound themselves in relatively enduring forms of psychopathology~Cicchetti & Cannon, 1999!.
A variety of theoretical constructs, such as schemas and working models, have been invoked as potential mechanisms by which individuals integrate relevant information with extant knowledge structures~Bowlby, 19690 1982; Bretherton, 1990 !. In concert with the prior findings of Pollak et al.~1997, 2001 !, the psychophysiological findings in the cur-rent investigation provide corroborative evidence for such developmental processes. The existence of representations that are activated by emotional stimuli provides additional support for the cognitive mechanisms thought to place maltreated youngsters at risk for developing insecure attachment relationships with their caregivers~Cicchetti, Toth, & Lynch, 1995; Cicchetti, Toth, & Rogosch, 2005; Crittenden, 1988!. There are some caveats that need to be considered when comparing the findings from the current study to those of other studies. In comparing the maltreated children in the current sample with the children from the Parker et al. 2005a Parker et al. , 2005b ! studies, it is important to bear in mind the probable qualitative difference in the deprivation experienced by these two samples. It is most likely that the institutionalized children in the Romanian studies have experienced more pervasive deprivation in comparison to the maltreated children in the current sample.
In addition, there is a paucity of normative ERP studies on recognition of facial affect on children in the age range between 12 and 48 months. The bulk of the literature from Nelson and colleagues, and more recently de Haan and colleagues, has typically utilized infants from ages 4 to 12 months. Relatively little is known about the neural correlates of face processing in toddlers. The Parker et al.~2005a, 2005b ! studies are among the few, in addition to the current investigation, to examine children in the toddler age range.
To more fully understand the developmental sequence of the neural correlates of facial expressions of emotion, it is imperative that normative longitudinal ERP studies be carried out beginning in early infancy and continuing through toddlerhood and early childhood. Such normative data would yield a wealth of understanding, and would also serve to inform studies of children who experience adversity early in life, such as maltreatment or severe deprivation. For example, without longitudinal data, it is impossible to compare the ERP waveforms found in the current study with those seen in Pollak et al.~1997, 2001 !. Clearly, the brain continues to develop across infancy and childhood, and may exhibit a cascade of effects in response to adverse social experiencẽ Cicchetti & Curtis, in press; Cicchetti & Tucker, 1994; Thompson & Nelson, 2001!. Moreover, future studies of the consequences of early maltreatment on brain functioning should ideally include a larger number of children who have experienced physical abuse or sexual abuse. Of the maltreated group of children in the current sample, the vast majority~slightly more than 75%! had experienced neglect, whereas 14% experienced physical abuse, and approximately 9% were victims of sexual abuse. Thus, there were too few children who had experienced physical or sexual abuse to analyze these groups separately. In research with a maltreated population, it is difficult to access infants and toddlers who have experienced these more severe forms of maltreatment because such youngsters are typically placed in foster care. However, it would be important to be able to examine the possibly differential impact of physical and sexual abuse on brain development and functioning. It is likely that the experience of these more severe forms of maltreatment may have even more serious consequences for brain functioning than is the case with the experience of child neglect.
Furthermore, it is imperative that investigations of brain functioning in children who have experienced adversity inform prevention and intervention efforts. For example, results from the current study suggest that children who have experienced maltreatment during the first year of life, although not severe enough to be placed in foster care, still exhibit brainbased abnormalities in processing facial affect at 30 months of age. This finding argues for the importance of early preventive interventions with children who have experienced maltreatment early in life to prevent the potential cascade of effects this experience may have on brain development and functioning, as well as potential effects it may have on other biological systems.
The current results, as well as previous findings on school aged children by Pollak et al. 1997 Pollak et al. , 2001 
